Abstract. Renal cell carcinoma (RCC) is the most common type of malignant tumor of the adult kidney and has a poor prognosis. MicroRNAs (miRs) are important in a wide range of biological and pathological processes, including cell differentiation, migration, growth, proliferation, apoptosis and metabolism. The present study aimed to determine the role exerted by miR-30a-5p in the tumorigenesis of RCC. The expression levels of miR-30a-5p in RCC tissues and RCC-derived cells were demonstrated to be significantly downregulated by real-time quantitative polymerase chain reaction (RT-qPCR). Wound scratch assay, cell proliferation assay and flow cytometric analysis revealed that the abilities of migration and proliferation of the RCC-derived cells were suppressed, whereas cell apoptosis was promoted, when miR-30a-5p was overexpressed in these cells. N-acetylgalactos aminyltransferase 7 (GALNT7) was predicted to be one target gene of miR-30a-5p by bioinformatics analysis. Luciferase reporter assay, RT-qPCR and western blotting were performed to confirm that GALNT7 is the direct conserved target of miR-30a-5p. These results suggested that miR-30a-5p has a tumor-suppressive role in the tumorigenesis of RCC.
Introduction
Renal cell carcinoma (RCC), arising from the renal cortex, is the most common type of malignant tumor in the adult kidney (1) . Clear cell RCC is the most common histological type of RCC, and is more aggressive than other types (2) . Novel target therapeutic strategies have improved the treatment of patients with RCC, although radical nephrectomy remains the predominant treatment strategy for patients with RCC due to the resistance of the tumor to radiation and chemotherapy (3, 4) . However, early detection and diagnosis of RCC is difficult due to the lack of clinical signs and manifestations (3) . Additionally, RCC is highly vascular, invasive and metastatic. Once metastasis occurs, patients with RCC have a poorer prognosis. A third of patients with RCC develop distant metastasis at initial diagnosis, and ~50% of these patients develop disease recurrence, of which two thirds recur within the first year (4, 5) . Thus, it is crucial to investigate the mechanism underlying RCC tumorigenesis.
MicroRNAs (miRNAs) are a class of noncoding RNA, typically 20-23 nt in length, which are cleaved from 70-100 nt hairpin-shaped precursors (pre-miRNA) (6) . Several studies have demonstrated that miRNAs are important in a wide range of biological and pathological processes, including cell differentiation, migration, growth, proliferation, apoptosis and metabolism (6) (7) (8) (9) . A link between miRNA function and cancer pathogenesis has been supported by studies examining the signatures and functions of miRNA in clinical samples (10) . In urological cancer, including RCC, the aberrant expression of miRNAs has been reported between malignant and normal renal tissues, and a specific miRNAs have been found to exert novel oncogenic or tumor suppressive functions though target genes (11, 12) .
miR-30a-5p in the tumorigenesis of renal cell carcinoma: A tumor suppressive microRNA
Previous studies have identified that downregulated miR-30a and miR-30a-3p increase angiogenesis-specific Delta-like ligand 4 (DLL4) and hypoxia-inducible factor 2α (HIF2α) expression, and promote tumor metastasis and growth, in clear cell RCC (13, 14) . Previous studies on expression have shown that miR-30a-5p is downregulated in malignancies of the lung (14) , blood (15) , liver (16) , nasopharynx (17) , bone (18) , breast (19) and bladder (20) . However, miR-30a-5p has been reported to be upregulated in glioma (21, 22) cell lines and specimens, compared with normal tissues and cell lines. In RCC, several microarray chip assays have revealed consistent results, that the expression levels of miR-30a-5p are lower in RCC tissues and metastatic RCC tissues, compared with adjacent normal tissues and paired primary RCC tissues (24) (25) (26) (27) (28) . These data suggest that miR-30a-5p may offer potential as a useful diagnostic, prognostic and predictive biomarker in the treatment of RCC. However, the expression, function and molecular mechanism of miR-30a-5p in RCC remain to be fully elucidated.
In the present study, the expression levels of miR-30a-5p in RCC specimens and cell lines were examined, and the function of miR-30a-5p in RCC cells was investigated using cell migration, proliferation and apoptotic assays. To further examine the miR-30a-5p-mediated molecular pathway, polypeptide N-ac etylgalactosaminyltransferase 7 (GALNT7) was identified as a potential target of miR-30a-5p. Collectively, the results of the present study may determine whether miR-30a-5p has an inhibitory effect in the carcinogenesis of RCC though changes in the expression of GALNT7.
Materials and methods
Cell lines and transfection. The human RCC cell lines (786-O and ACHN), human cervical cancer cell line (Hela) and human embryo kidney cell line (293T) were obtained from American Type Culture Collection (Manassas, VA, USA), and were routinely cultured in Dulbecco's modified Eagle's medium (DMEM)/high glucose medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 1% antibiotics (100 U/ml penicillin and 100 mg/ml streptomycin; Gibco; Thermo Fisher Scientific, Inc.) and 1% glutamate (Gibco; Thermo Fisher Scientific, Inc.). All cells were cultured at 37˚C in a humidified chamber containing 5% CO 2 .
To induce the upregulation of miR-30a-5p in the cells, chemically synthesized miR-30a-5p mimics (GenePharma, Inc., Shanghai, China) were transfected into the cells at a confluence of 60-70% using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), which were mixed in Opti-MEM ® I reduced serum medium (Gibco; Thermo Fisher Scientific, Inc.) following culture for 24 h. To validate the transient transfection efficiency, fluorescence microscopy (using a DMIRB fluorescence microscope; Leica Microsystems, Wetzlar, Germany) was performed after transfection of Negative Control-Fluorescein amidite (NC-FAM), and real-time quantitative polymerase chain reaction (RT-qPCR) was performed after the transfection of miR-30a-5p mimics and NC. The sequences of the miRNAs (NC-FAM, NC and miR-30a-5p mimic) are summarized in Table I .
Tissue collection. The collection and use of tissue samples in the present study were reviewed and approved by the ethics committee of Peking University Shenzhen Hospital (Shenzhen, Guangdong, China). Written informed consent were signed and obtained from all 32 patients. In the present study, a total of 32 paired fresh RCC and adjacent normal tissue samples (located 5.0 cm from the visible RCC lesions) were obtained from Peking University Shenzhen Hospital (Shenzhen, China). Once dissected, all fresh tissue samples were immediately immersed in RNAlater (Qiagen, Hilden, Germany) and frozen in liquid nitrogen for total RNA extraction. The clinicopathological information obtained from the patients is shown in Table II . Stage classification was performed using the 2010 American Joint Committee on Cancer staging system (29) .
Total RNA extraction, reverse transcription and RT-qPCR. The 786-O, ACHN and 293T cells (4x10 5 cells/well) were plated into 6-well plates (BD Biosciences, San Jose, CA, USA) with three replicate wells, respectively. After 24 h at 37˚C, the cells were trypsinized to extract the total RNA using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA was extracted from the 32 paired RCC tissues and normal tissues using TRIzol ® reagents and were purified using the RNeasy ® Maxi kit (Qiagen), according to the manufacturer's protocol. For the homogenization step, 50-100 mg tissue or ~1.5x10 6 cells were added to 1 ml RNAiso Plus reagent and homogenized using a motor-driven tissue grinder (OSE-Y10; Tiangen Biotech (Beijing) Co., Ltd., Beijing, China). Subsequently, the homogenized samples were incubated with RNAiso Plus reagent for 5 min at room temperature to permit the complete dissociation of nucleoprotein complexes. The tubes were agitated vigorously by hand for 15 sec, and then the samples were centrifuged at 12,000 x g for 15 min at 4°C.
The RNA samples with 260/280 ratios of 1.8-2.0 were used in the subsequent experiments. The total RNA was converted into a cDNA template using an miScript II RT kit (Qiagen) for quantification of miR-30a-5p, or a PrimeScript™ RT reagent kit (Takara Bio., Inc., Otsu, Japan) for quantification of GALNT7 mRNA.
The expression of miR-30a-5p was confirmed using the miScriptSYBR ® green PCR kit (Qiagen), and the mRNA expression of GALNT7 was validated using SYBR ® Premix Ex Taq™ II (Takara Bio, Inc.), respectively, on a Roche lightcycler 480 Real-Time PCR system (Roche Applied Science, Mannheim, Germany). The 20 µl reaction mixture contained 10 µl 2X QuantiTect SYBR Green PCR Master mix, 2 µl 10X miScript Universal Primer, 0.4 µl specific miRNA primer, 1 µl cDNA template and 6.6 µl RNase-free water. The thermocycling steps were 95˚C for 15 min, followed by 40 cycles at 94˚C for 15 sec, 55˚C for 30 sec and 72˚C for 30 sec. U6 and GAPDH were used as internal controls. The expression levels were calculated as fold changes relative to the U6 and GAPDH controls, which was based on the following equation: Relative expression = 2 -ΔΔCq (30) . The primers used are shown in Table I .
Wound scratch assay. Cell migration ability was examined using a wound scratch assay. The cells (~3x10 5 cells/well) were seeded into a 12-well dish and, on reaching 80-90% confluence, the miR-30a-5p mimic or negative control (NC) were introduced into the 786-O and ACHN cells using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The NC (GenePharma, Inc., Shanghai, China) comprised miRNA oligonucleotides that were chemically synthesized in order to eliminate the non-sequence binding effects. The sequences of the miRNAs (NC, NC-FAM and miR-30a-5p mimic) were all summarized in Table I . Following 6 h of transfection, a sterile 200 µl pipette tip and markers were used to introduce a scratch into the cell monolayer. The cells were then rinsed with phosphate-buffered saline (PBS) three times, cultured in DMEM, and incubated at 37˚C. Images of the scratches were acquired using a digital camera system (model DMIRB; Leica Microsystems, Wetzlar, Germany) at 0 and 24 h following introduction of the scratches at the same points. The experiments were performed in three independent repeats in triplicate, and analyzed in a double-blinded manner by at least two observers.
Cell proliferation assay. A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT; 5 mg/ml; Sigma-Aldrich, St. Louis, MO, USA) assay was performed to determine the proliferation abilities of the 786-O and ACHN cells. The 786-O and ACHN cells were seeded into 96-well plates at a cell density of 5x10 3 cells/well, with five replicate wells for each condition. After 24 h, the cells in each wells were transfected with either 5 pmol miR-30a-5p mimic or NC. MTT (20 µl) was added to each well and the plate was incubated at 37˚C for ~5 h prior to measurement. The MTT medium mixtures were then discarded and the reaction was terminated by the addition of 120 µl dimethylsulphoxide (Sigma-Aldrich). Following agitation for 15 min at room temperature, the optical density was measured at the wavelength of 490 nm, with 630 nm as the reference wavelength, using an enzyme immunoassay instrument (Bio-Rad Laboratories, Inc., Hercules, CA, USA). All assays were performed in triplicate.
Flow cytometric analysis. The early apoptotic rates of the 786-O and ACHN cells were stained with fluorescein isothiocyanate (FITC)-conjugated Annexin V (Annexin V-FITC) and propidium iodide (PI; Invitrogen; Thermo Fisher Scientific, Inc.) and quantified using flow cytometry (EPICS, Xl-4, Beckman Coulter, Brea, CA, USA). The 786-O and ACHN cells (3x10 5 ) were seeded into 6-well plates, and 200 pmol of either miR-30a-5p mimic or NC were introduced to the de/apps/zmf/mirwalk). These approaches are based on the identification of elements in the 3'-untranslated region (UTR) of target genes, which are complementary to the seed sequence of the microRNA of interest. Putative genes predicted by at least three algorithms were accepted, and candidates were selected based on the gene function.
Luciferase reporter assay. The 3'-UTR of GALNT7 (519 bp), containing the putative binding site (5'-TGTTTAC-3') for miR-30a-5p, was cloned into an empty psiCHECK-2 Vector (Promega, Madison, WI, USA), generating the wild-type psiCHECK2-3'-UTR. The primer sequences for the 3'-UTR of GALNT7 containing the miR-30a-5p binding site (forward primer, 5'-CCG CTC GAG CTA CTG A CAA GTA AAT TTA TAC AGG-3' and reverse primer, 5'-AAG GAA AAA AGC GGC CGC AGA GGC ACT AAA TGT GTT GA-3') were designed. The mutant type was generated by changing the putative binding site to 5'-ACAAATG-3' in the complementary site for seed region of miR-30a-5p. All constructed plasmids were verified by DNA sequencing analysis. The DNA sequencing analysis was performed on an Applied Biosystems 3730XL DNA Analyzer (Invitrogen; Thermo Fisher Scientific, Inc.) using the dideoxy-mediated chain-termination method. Sequencing primers and the bacteria which contained the wild/mutant types of constructed plasmids were obtained from Thermo Fisher Scientific, Inc. The detected DNA sequences were also obtained from Thermo Fisher Scientific, Inc., and the DNA sequences were compared with the sequences designed for the present study to check whether the sequences, including the 3'-UTR of GALNT7 (wide or mutant type), had been incorporated into the psi-CHECK2 vector.
For the luciferase reporter assay, 293T and Hela cells were seeded into 24-well plates, and were co-transfected with 0.5 µg of the constructed plasmids and 40 pmol of the miR-30a-5p mimic or NC using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). At 24 h post-transfection, firefly and Renilla luciferase in the cells were detected using a Dual-Luciferase Reporter Assay system (Promega) on a Modulus™ Single Tube Multimode Reader (Turner BioSystems, Madison, WI, USA). All experiments were performed in triplicate wells and repeated at least three times. 5 ) were seeded into 6-well plates and transfected with 200 pmol of either the miR-30a-5p mimic or NC using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) for 6 h. At 48 h post-transfection, radioimmunoprecipitation assay lysis buffer (Sigma-Aldrich) was used to lyse the cells on ice, and protein concentrations were quantified using a Pierce BCA Protein Assay kit (Thermo Fisher Scientific, Inc.). A total of 60 µg of protein sample was loaded in each well and separated using 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), with gels that were made prior to use: The formulation of the lower 10% separating gel was 4.0 ml H 2 O, 3.3 ml 30% acrylamide, 2.5 ml 1.5 M Tris (pH 8.8), 0.1 ml 10% SDS, 0.1 ml 10% AP, 4 µl tetramethylethylenediamine (TEMED), and that of the upper SDS-PAGE gel (5% stacking gel) was: 2.7 ml H 2 O, 0.67 ml 30% acrylamide, 0.5 ml 1 M Tris (pH 6.8), 0.04 ml 10% SDS, 0.04 ml 10% AP and 4 µl TEMED. Subsequently, the proteins were transferred onto polyvinylidene difluoride (PVDF) membranes (EMD Millipore, Billerica, MA, USA) via wet blotting. The PVDF membranes were blocked with 5% nonfat milk at room temperature for 2 h, and incubated with primary antibodies overnight at 4˚C. The primary antibodies against GALNT7 and β-actin (internal control) were rabbit polyclonal anti-GALNT7 (1:1,000; cat. no. ab97645; Abcam, Cambridge, MA, USA) and rabbit polyclonal anti-β-actin (1:10,000; cat. no. NB600-532; Novus Biologicals, Littleton, CO, USA), respectively. The second day, following washing three times with Tris-buffered saline with 0.05% Tween (TBST), the membranes were treated with horesradish peroxidase (HRP)-linked goat anti-rabbit IgG (1:10,000; cat. no. E031120-01, EarthOx, Life Sciences, Millbrae, CA, USA) for 2 h, followed by the detection of protein bands using an Immun-Star™ HRP Chemiluminescence kit (Bio-Rad Laboratories, Inc.) Each assay was repeated at least three times.
Western blot analysis. The 786-O and ACHN cells (3x10
Statistical analysis. The data are presented as the mean ± standard deviation from three independent experiments. All data were analyzed using SPSS 19.0 statistical software (IBM SPSS, Inc., Armonk, NY, USA). The MTT data were analyzed using one-way analysis of variance. The clinicopathological information of the patients were analyzed using a χ 2 test, whereas other data were analyzed using Student's t-test. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression levels of miR-30a-5p are downregulated in human
RCC clinical specimens and cell lines. The expression levels of miR-30a-5p were examined in 32 paired RCC tissues and adjacent normal tissues, and the expression of miR-30a-5p was found to be significantly downregulated in the RCC tissues, compared with the adjacent normal tissues, as shown in Fig. 1A . The expression levels of miR-30a-5p in 293T cells and the three RCC cell lines were also quantified using RT-qPCR. As shown in Fig. 1B , the expression levels of miR-30a-5p were lower in the 786-O, ACHN and 769P cells (P<0.01), compared with the level in the 293T cells, which was in accordance with the expression pattern of miR-30a-5p in the clinical specimens. The present study selected 786-O and ACHN cells to perform the subsequent functional experiments.
Transfection efficiency validation. The NC-fluorescein amino-modified oligonucleotide (NC-FAM), miR-30a-5p mimic or NC were transfected into 786-O and ACHN to validate the transfection efficiency. As seen in Fig. 2A , transfection efficiency was >90% when the cells were transfected with NC-FAM. RT-qPCR was also used to verify transfection efficiency, and it was revealed that miR-30a-5p was significantly overexpressed following transfection with the miR-30a-5p mimic in the 786-O (P<0.01) and ACHN (P=0.015) cells (Fig. 2B) .
miR-30a-5p suppresses RCC cell migration. The wound scratch assay showed that cell migration was significantly inhibited in the groups transfected with miR-30a-5p, compared with the NC groups. The inhibition rates of migration were 63.80% for the 786-O cells (Fig. 3A) and 67.95% for the ACHN cells (Fig. 3B) , indicating that miR-30a-5p had a significant negative effect on RCC cell migration.
Proliferation of RCC cells is inhibited by miR-30a-5p mimic
transfection. An MTT assay was performed to observe whether differential expression of miR-30a-5p affected the proliferation ability of the RCC cells. The results revealed that cell proliferation rates in the miR-30a-5p transfectants were significantly decreased by 4.66% (24 h; P<0.01), 10.99% (48 h; P<0.01) and 21.02% (72 h; P<0.01) in the 786-O cells (Fig. 4A) . In the ACHN cells, the rates of proliferation inhibition were 6.84, 14.05 and 22.67% at 24, 48 and 72 h, respectively (P<0.01; Fig. 4B ).
Cell apoptosis is induced by miR-30a-5p mimic.
To investigate the effect of miR-30a-5p on the apoptosis of RCC cells, flow cytometry was performed to detect the early apoptotic rate. The results showed that, compared with the cells transfected with NC, the apoptotic rate was significantly increased in the miR-30a-5p mimic-transfected 786-O cells (2.94, vs. 11.50%, respectively; P<0.01; Fig. 5A ) and the miR-30a-5p mimic-transfected ACHN cells (2.00, vs. 17.90%, respectively; P<0.01, Fig. 5B ). These data suggested that miR-30a-5p was important in RCC cell apoptosis.
GALNT7 is a direct target of miR-30a-5p. miRNAs exert their functions by regulating the expression of their downstream target gene/s. Multiple computational algorithms using miRanda, TargetScan, microRNA and miRWalk predicted that the 3'-UTR of the human GALNT7 gene is a target for miR-30a-5p. The 3'-UTR of GALNT7 mRNA contained a complementary nucleotide sequence for the seed region of miR-30a-5p (Fig. 6A) . This seed region of miR-30a-5p was highly conserved among species, indicating its regulatory importance (Fig. 6B) . As shown in Fig. 6C , the luciferase reporter assay confirmed that the activity of the reporter containing the 3'-UTR of GALNT7 was decreased significantly when the cells were transfected with the miR-30a-5p mimic in the 293T cells (P<0.01) and Hela cells (P<0.01), compared with those transfected with the NC. However, no significant changes were observed in the activity of the reporter containing the mutated seed sequence following transfection of the cells with either the miR-494 mimic or the NC.
miR-30a-5p downregulates the mRNA and protein levels of GALNT7 in RCC cell lines. To validate the results of the luciferase reporter assay and evaluate the association between miR-30a-5p and GALNT7, the present study performed RT-qPCR and Western blot analyses to quantify the mRNA and protein level of GALNT7 in the 786-O and ACHN cells 48 h following transfection with the miR-30a-5p mimic or NC. The mRNA levels of GALNT7 in the 786-O and ACHN cells were significantly decreased following transfection with the miR-30a-5p mimic, compared with the NC group (P<0.01; Fig. 7A ). In accordance with the downregulation in the mRNA levels of GALNT7, the protein levels of GALNT7 were significantly reduced when the 786-O and ACHN cells were transfected with the miR-30a-5p mimic (P<0.01; Fig. 7B ). These results suggested that miR-30a-5p regulated the mRNA and protein expression levels of GALNT7, and exerted regulation at transcriptional and post-transcriptional levels. 
A B Discussion
miRNAs have multiple roles in various types of cancer, and the functions of miRNAs depend predominantly on their target genes, which include ~50% of human protein-coding genes (9) . Generally, the expression of functional miRNAs is dysregulated in various types of cancer, acting either as oncogenes when overexpressed, or tumor suppressors when downregulated (31, 32) . The present study screened for differentially expressed miRNAs in RCC and confirmed that miR-30a-5p was markedly downregulated in RCC tissues and cell lines. The reduced expression levels of miR-30a-5p in In the present study, the role of miR-30a-5p was investigated extensively, and its target gene in RCC cells was identified.
It has been reported that miR-30a-5p is important in the initiation and development of cancer. For example, miR-30a has tumor suppressive effects towards T-ALL and DLBCL cell lines by cell growth suppression, cell cycle arrest and the induction of apoptosis, whereas depletion of miR-30a restores tumorigenesis (33) . In chronic myeloid leukemia, miR-30a decreases proliferation and arrests cell cycle progression between the G1 and S phases, acting as a tumor suppressor by downregulating the expression levels of abelson murine leukemia viral oncogene homolog 1 (ABL1) and breakpoint cluster protein-ABL1 (34) . The dowregulation of miR-30a promotes cell survival and proliferation in T-cell lymphoblastic lymphomas via activation of GLI/Hedgehog signaling (35) . Low expression of miR-30a in hepatocellular carcinoma facilitate migration, invasion and epithelial-mesenchymal transition by targeting SNAI1 (17) . In addition, miR-30a promotes invasiveness and metastasis in vitro and in vivo through epithelial-mesenchymal transition, and results in poor survival 
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rates in patients with nasopharyngeal carcinoma (18) . All the above studies indicate that downregulation of miR-30a occurs frequently in human cancer, and has functions in tumor onset and progression. However, its relevance in the development of RCC remains to be fully elucidated. Accordingly, the present study revealed that the upregulation of miR-30a-5p inhibited the migration and proliferation abilities, and promoted the apoptosis of RCC cells. GALNT7 is a member of the GalNAc-transferase family, which is important in initiating mucin-type O-glycosylation in the Golgi apparatus by transferring GalNAc from UDP-GalNAc to the Ser and Thr residues of polypeptide acceptors (36) . Mucin is a cell-surface glycoprotein, which establishes a molecular barrier at the epithelial surface and engages in morphogenetic signal transduction. Alterations in mucin glycosylation accompany the development of cancer and affect cellular growth, differentiation, transformation, adhesion, invasion and immune surveillance (37, 38) . According to previous studies, GALNT7 is upregulated in several types of cancer, including laryngeal carcinoma, cervical cancer and pancreatic cancer (39) (40) (41) , and is targeted by tumor suppressive miRNAs. Additionally, GALNT7, as a target of upregulated miR-30b/30d is important in the metastatic behavior of melanoma cells (42) . Previously, the expression of GALNT7 in thyroid tissues, in relation to iodine-131 doses received from the Chernobyl accident, were investigated, and a statistically significant dose-expression association was confirmed, suggesting that GALNT7 is important in radiation carcinogenesis (43) . In the present study, GALNT7 was identified as a downstream gene of miR-30a-5p following bioinformatics and experimental verification. However, the expression and function of GALNT7 in RCC remains to be fully elucidated, and its role warrants confirmation in future investigations.
It appears controversial that miR-30a-5p functions as a tumor suppressor in certain types of cancer, and an oncogene in others. Unlike small interfering RNA, the interactions between miRNAs and the 3'-UTRs of target genes are not entirely complementary (44) . Due to the fact that the seed region between miRNAs and genes requires only ≥7 base pairs, the network between miRNAs and target genes is not one-to-one, but one-to-multiple and multiple-to-one. Additionally, the expression of miRNAs was various in different tissues and stages of development, thus the functions of miRNAs are tissue-and temporally-specific.
In conclusion, the present study provided evidence indicating that miR-30a-5p may be an important tumor suppressor in RCC tumorigenesis by targeting GALNT7.
